[T ———

IIC FILE GoPy

AFWL-TR-88-71

/ SIFCON WITH SAND

R. Mondragon

University of New Mexico
Albuguerque, NM 87131

September 1988

Finai Report

AIR FORCE WEAPONS LABORATORY
Air Force Systems Command

Kirtland Air Force Base, NM 87117-.6008

New Mexico Engineering Research Institute

Approved for public release; distribution unlimited.

-

%;

T v yr—

AFWL-TR.-
88-71

DT!

C

0CT 2 01988 j ,
x,

H




[ - T e ..

R T A, s T T

AFWL-TR-88-71

This final report was prepared by New Me..ico Engineering Researc
Inscitute, Albuquerque, New Mexico, under Contract F29601-84-C-0080, Jjcb Urder
920A2001, with the Air Force Weapons Laborutory, Kirtland Air Force Basa, Yew
Mexico. Captain Susan M. Cheney, AFWL/NTES, was the Laboratory Proiect
Officer-in-Charge.

LYhen Government drawings, specifications, or other data are usec Jor anv
purpose other than in connection with a definitely Government-related procure-
ment the United States Government incurs no responsibility noxr any obligation
whatsoever. The fact that the Government may have formulated or in any way
supplied the said drawings, specifications, or other data, is not to be
regarded by implication or otherwise in any manner construed, as licensing the
holder or any other person or corporation; or as conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

This report has been authored by a contractor of the United States
Government. Accordingly, the Uni:ted States Covernment retains a nonexclusive
royalcy-free license to publish or reproduce the material contained nerein, or
allow others to do so, for the United States Government purposes.

This report has been review:d by the Public Affairs Office and is
releasablz to the National Technical Information Service (NTIS). At NTIS, it
will be available to the general public, including foreign nationals.

1f your address has changed, if you wish to be removed from our mailing
list, or if your organization no loager employs the addressee, please nctity
AFWL/NTES, Kirtland AFB, NM 87117-6008 tu help us maintain a current mailing
lisc.

This repor: has been reviewed and is approved for publication.

\jfB«J/U{95*; /' CJ{;‘”/L

SUSAN M. CHENEY
Capt, USAF
Froject Officer

FOR THE COMMANDER

/(%’4' ‘ ; ’lé( Cd’\/{ C (DO\,‘;{Q;A\_

THOMAS E. BRETZ, JR CARL L. DAVIDSON
Lt Col, USAF Colonel, USAF
Chieft, Applications Branch Chief, Civil Engineering Research Div

DO NOT RETURN COPIES OF THIS REPORT UNLESS CONTRACTUAL OBLIGATIONS OR NGTICE
ON A SPECIFIC DOCUMENT REQUIRES THAT IT BE RETURNED.

LW

-




UNCLASSIFIED h;’/ ’I‘ ya o . . S

s y o P s
SRCURITY CLASTIFICATION OF THIS PAGE A5 S . .
REPORT DOCUMENTATION PAGE
'a REPQRT SECURITY CLASSFICATION b RESTRICTIVE MARK:NGS
Unclassified
ia SECURITY CLASSIFICATION AUTHORITY 3 DISTRISUTION: AVAILABILITY OF RgPQRT
: : _ Approved for public release;
76 DECLASSIFICATION - DOWNGRADING SCHEDULE distribution unlimited.
4 PERFORMING QRGANIZAT.ON REPORT NUMBERS) S. MONITORING ORGANIZATION REPORT NUMBER(S)
NMER] WA2-56 (2.15) AFWL-TR-88-71
6a. NAME Of PEAFORMING CRGANIZATION 6b OFFICE SYMBOL Ta. NAME OF MONITOR'NG ORGANIZATION
i j i (If applicable) ,
New Mexico Engineering Air Force Weapons Laboratory
Research Institute
6 ADDRESS (City, State, and 2IP C»de) 76 ADORESS (City, State, and ZiP Code)
Box 25, University of New Mexico Kirtland Air Force Base,
Albuquerque, New Mexico New Mexicc 87117-6008
83 NAME OF F;NDING / SPONSGRINT 8b OFFICZ SYMBOL 9 PROCUREMENT INSTRUMENT OENTIFICAT.ON NUMBER
QRGANIZATION (f appiicable)
c ' ‘ F29601-84-C-00890
% ADORESS (City, State, ang 2iP Coge) '0 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO  |NO NO ACCESSION NO
64617F 52CA 20 01
11 TITLE (Inciuge Security Classification)
SIFCON WITH SAND
12 PERSONAL AUTHOR(S)
Mondragen, Ray
13a. TYPE OF REPORT 13b TIME COVERED 18 DATE OF REPORT (Year. Month, Oay) [15 +AGE COUNT
Final £a0M 0 1988, Sepntember 172
1§ SUPPLEMENTARY NOTAT:ON
7 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and :dentify by block number)
FIELD GROUP SUB-GRCUP SIFCON . Infiltration. - Steel Fiber,
08 07 Sand Slurries Compressive Strength
Fluidity Specimens . . .

19 ABSTRACT (Continue on reverse if necessary and identify by biock number)
“~ This report documents the development of preliminary material properties for slurry

infiltrated fiber concrete (SIFCON) using fine-grained sands. Included in the report are
the test procedures, test results, SIFCON material costs and conclusions.

/ ! .4/
[ < o
{0 S1STRIBUTION  AVAILABILITY F A¥STRACT 21 ABSTRACT SECURITY CLASSIFICA ' ION
D unciassecpunuvites O same ag aeT 3 HTIC USERS Unclassified
i2a NAME D¢ RESPOUNSIBLE INDIVIDUAL 22b TELEPHONE (inc/lyge Ares Code} | c2¢ QFFICE SYMBNL
Captain Susan M. Cheney 1505) 846-4656 NTES
DD FORM 1473, 94 vaR 33 APR edition may be vsed unul exkausted. SECLHITY CLASSIFICATION OF ~HIS DAGE

All other egitions are obsolete.
i

UNCLASSIFIED

N

L}
i
A

KW

..

-




"l "mv‘mvwmv.l—r_’_mm—ﬂww m"—q‘y I

.

UNCLASSIFIED

SECUAITY CLASSIFICATION OF THISPAGE

~x

UNCLASS:IFIED

SECURITY CLASSIFICATION OF THIS PAGQ




Section
1.0

3.0

4.0

CONTENTS

INTRODUCTION

OBIJECTIVE
BACKGROUND

TEST PROCEDURES

2.1

28]
to

INTRCCUCTION

2.1.1 Mix Parameters
2.1.2 Mix Ingredients and Proportions

SLURRY INFILTRATION STUDY TEST PROCEDCURES

Slurry Mixing

Fluidity Tests

Penetration Tests
Sertlement Observations
Sturry Compression Tests

STISISISIS
INININTS
W LI —

SELECTED SIFCON STUDY TEST PROCELCURES

2.3.1 Slumry Mixes
2.3.2 Slab Infiltration Observations
2.3.3 SIFCON Compression Tests

TEST RESULTS

3.1

SLURRY INFILTRATION STUDY RESULTS

1 Fluidity Measurements
.2 Penetration Tests
3 Settlement Observations

SELECTED SIFCON STUDY RESULTS

3.2.1 Infiltration Tests
3.2.2 SIFCON Compressive Tests
3.2.3 Aggregate and Fiber Combination

SIFCON COST STUDY

4.1
4.2

INTRODUCTION
MATERIAL COST

(] td == =

(U9}

11
11

-
L

13
13
13
14
14
23
25
25
27
27

30

Y 1

"1

Tal”

L3
1




CONTENTS (Concluded)

Section Page

5.0 CONCLUSIONS AND RECOMMENDATIONS 34
5.1 MAJOR CONCLUSIONS 24
5.2 RECOMMENDATIONS 36
5.3 CONCLUSION 36
REFERENCES 37
APPENDIXES
A. SAND SLURRY INFILTRATION STUDY 39
B. SELECTED SIFCON STUDY 129
C. PROCELDURES CHECKLIST 155

,

/

(\

AN

..//
1 Acoesatoen For |
i hTiS F Lzl z I
b oo o
i LTI 4 (]
: Il
[ 0 Y |
]
o I
[ Y !
S 3 ) ___‘
I T {.v T.a73 '
|" ' o ler
'
. 1 )

iv




ILLGSTRATIONS

Figure Page
1. Mix identification codes for infilration study mixes. 8
2. Mix identification codes for selected SIFCON study mixes. 8
3 30-mesh sand (100%) in fluid mix--ZL 60/80 fibers. 17
4 30-mesh sand (100%) in moderately viscous mix--ZL 30/50 fibers. 18
5. 50-mesh sand (150%) in viscous mix--ZL 60/80 fihers, moderate vibration. 19
6 30-mesh sand (200%) in fluid mix--ZL 30/50 fibaty, much vibration. 21
7. 30-mesh sand (2009 in fluid mix--ZL 50/50 tibers, moderate vibration. 22

Al. 50-mesh sand (50%) in tluid mix--ZL 30/50 fibers. 45
A2. 50-mesh sand (50%) in fluid mix--ZL 50/50 fibers. 46
A3. 50-mesh sand (50%) in fluid mix--2ZL 60/80 fibers. 47
Ad. 50-mesh sand (100%) in fluid mix--ZL 30/50 fibers. 48
AS. 50-mesh sand (100%) in fluid mix--ZL 50/50 fibers. 39
Ab. 50-mesh sand (100%) in fluid mix--ZL 60/80 fibers. 50

A7. 50-mesh sand (150%) in fluid mix--ZL 30/50 fibers. S
AS. 50-mesh sand (150%) in fluid mix--ZL 50/50 fibers. 52
AS. 50-mesh sand (150%) in fleid mix--ZL 60/80 fibers. 33
Al10. 50-mesh sand (2007%) in fluid mix--ZL 50/506 fibers, much vibration. 54
All. 50-mesh sand (200%) in fluid mix--ZL 50/50 fibers. 55
Al2. 50-mesh sand (200%) in fluid mix--ZL 60/80 fibers. 56
Al3. 50-mesh sand (50%) in viscous mix--ZL 30/50 fibers, much vibration. 57
Ald, 50-mesh sand (50%) in viscous mix--ZL 50/50 fibers. 58
AlS. 50-mesh sand (50%) in viscous mix--ZL 6(/80 fibers. 59

Al6. 50-mesh sand (100%) 1n viscous mix--ZL 30/50 fibers, much vibration. 60



ILLUSTRATIONS (Continued)

Figure Page
Al7. 50-raesh sand (100%) in viscous mix--ZL 50/50 fibers, moderate vibration. 61
AlS. 50-mesh sand (100%) in viscous mix--ZL 60/80 fibers, moderate vibraton. 62
Al9. 50-mesh sand (150%) in viscous mix--ZL 30/50 fibers, much vibration. 63
A20. 50-mesh sand (1509) in viscous mix--ZL 50/50 fibers, moderate vibraton. 64
A2l 50-mesh sand (1509 ] in viscous mix--ZL 60/80 fibers, moderate vibraton. 65
A22. 30-mesh sand (50%) in fluid mix--ZL30/50 fibers. 66
A23. 30-mesh sand (50%) in fluid mix--ZL 50/50 fibers. 67
A24. 30-mesh sand (50%) in fluid mix--ZL 60/80 fibers. 68
A2S. 30-mesh sand (100%) in fluid mix--ZL 30/50 fibers. 69
A26. 30-mesh sand (100%) in fluid mix--ZL 50/50 fibers. 70
A27. 30-mesh sand (100%) in fluid mix--ZL 60/80 fibers. 71
A2S. 30-mesh sana (150%) in fluid mix--ZL 30/50 fibers, much “*bration. 72
A29. 30-mesh sand (:50%) in fluid mix--ZL 50/50 fibers. 73
A30. 30-mesh sand (150%) in fluid mix--ZL 60/80 fibers. 74
A3l 30-mesh sand (200%) in fluid mix--ZL 30/50 fibers, much vibration. 75
A32. 30-mesh sand (200%) in fluid mix--ZL 50/50 fibers, moderate vibration. 76
A33. 30-mesh sand (200%) in fluid mix--ZL 60/80 fibers, moderate vibradon. 77
A34. 30-mesh sand (50%) in fluid mix--ZL 30/50 fibers, viscosifier. 78
A3S. 30-mesh sand (50%) in fluid mix--ZL 30/50 fibers, viscosifier. 79
A36. 30-mesh sand (50%) in fluid mix--ZL 60/80 fibers, viscosifier. 80
A37. 30-mesh sand (100%) in fluid mix--ZL 30/50 fibers, viscosifier,

moderate vibration. 81
A28, 50-mesh sand (100%) in fluid mix--ZL 50/50 fibers, viscosifier. 82

A39, 30-mesh sand (100%) in fluid mix--ZL 60/80 fibers, viscosifier. 83

vi




Eigure
A40.
A4l
A2,
A43,

Ad4,

ILLUSTRATIONS (Continued)

30-mesh sand (1506%) in fluid mix--ZL 30/30 fibers. viscositier, much vibraton.
30-mesh sand (150%) in fluid mix--ZL 30/50 fibers, viscosifier,
30-mesh sand (1509%) in fluid mix--ZL 60/80 tibers, viscositier.
30-mesh sand (200%) in fluid mix--ZL 30/50 fibers, viscosifier, much vibration.

3N-mesh sand (200%) in fluid mix--ZL 50/50 fibers, viscosifier,
moderate vibration.

30-mesh sand (200%) in fluid mix--ZL 6(/80 fibers, viscosifier, little vibration.
30-mesh sand (50%) in moderately viscous mix--ZL 30/50 {ibers.

30-mesh sand (50%) in inoderately viscous mix--ZL 50/50 fibers.

30-mesh sand (50%) in moderately viscous mix--ZL 60/80 fibers.

30-mesh sand (100%) in moderately viscous mix--ZL 30/50 fibers.

30-mesh sand (100%) in moderately viscous mix--ZL 307350 fibers.

30-mesh sand (100%) in moderately viscous mux--ZL o/80 fibers.

30-mesh sand (150%) in moderately viscous mix--ZL 30/50 fibers,
moderate vibration.

30-mesh sand (150%) in moderately viscous mix--ZL 50/SC fibers.
30-mesh sand (150%) in moderately viscous mix--ZL 60/80 fibers.

Fine blasting sand (509%) in fluid mix--ZL 30/50 fibers.

Fine blasting sand (50%) in fluid mix--ZL 50/50 tibers.

Fine blasting sand (50%) in fluid mix--ZL 60/80 fibers.

Fine blasting sand (10{)%) in fluid mix--ZL 30/50 fibers.

Fine blasting sand (100%) in fluid mix--ZL 50/50 fibers.

Fine blasting sand (100%) in fluid mix--ZL 60/80 fibers.

Fine blasting sand *150%) in fluid mix--ZL 3(/S0 fibers, much vibration.

Fine blasting sand (150%) 1n tluid mix--ZL-50/50 {ibers.

Vit

Page
84
85
86
87

88

89
90




!

A63.

A6
AGS.
A66.
A67.
A68.
A6Y.
A70.
A7l
AT2.
A73.

A74.

ATS.

ATT.
A7S.
A79.
ARO.
A8l
A82.
AB83.
A4,

ILLUSTRATIONS (Continued)

Fine blasting sand (150%) in fluid nux--ZL 60/80 fibers.

Fine blasting sand (200 ) in fluid mix--ZL 30/50 fibers, much vibranon.
Fine blasting sand (200%) in fluid mux--ZL 30/50 tipers.

Fine blasting sand (200%) in fluid mix--ZL 60/80 fibers.

Fine blasting sand (50%) in moderately viscous mux--ZL 30/50 tibers.
Fine blasting sand (50%) in moderately viscous mix--ZL 50/50 fibers.
Fine blastung sand (S0%) 1n moderately viscous mix--ZL 60/80 tibers.
Fine blastng sand ( 100%) in moderately viscous mix--ZL 30/50 fibers.
Fine blasting sand (100%) in moder:tely viscous mix--ZL 50/50 fibers.
Fine blasting sand (100%) in moderately viscous mix--ZL 60/80 fibers.

Fine blasting sand (150%) in moderately viscous mix--ZL 30/50 fibers,
moderate vibration.

Fine blasting sand (150%) n moderately viscous mix--ZL 50/50 fibers.
Fine blasting sand (150%) in moderately viscous mix--ZL 60/80 tibers.
Washed plaster sand (50%) in fluid mix--ZL 30/50 fibers.

Washed plaster sand (30%) 1n fiuia mix--ZL 50,50 £iberc.

Washed plaster sand (50%) in fluid mix--ZL 60/80 fibers.

Washed plaster sand (100%) in tluid mix--ZL. 30/50 fibers, much vibraiion.
Washed plaster sand (100%) in fluid mix--ZL 50/50 fibers.

Washed plaster sand (100%}) in fluid mix--ZL. 60/80 fibers.

Washed piaster sand (150%) in fluid mix--ZL 30/50 fibers, much vibration.

Washed plaster sand (150%) in fluid mix--ZL 50/50 fibers, moderate vibration.

Washed plaster sand (150%) in fluid mix--ZL 60/80 tibers.

vl

Page
107
108
109
110

116




B10.
B1l.
BIll.
B13.
Bl14,
B13.
Bl6.
B17.
B18.
B19.
B20.
Cl.

ILLUSTRATIONS (Concluded)

S-5M150-15-42-0 (ZL 30/50)--compression.
S-SM150-15-42-0 (ZL 50/50)--compression.

S-5M150-15-42-0 (ZL 60/80)--compression.

S-5M150-15-42-0 (aggregate and ZL 60/80)--compression.

§-5M100- 10-37-0 (ZL 30/50)--compression.
S-5M100-10-37-0 (ZL 50/50) -compression.
S-3MI100-10-37-0 (ZL 60/30)--compression.
S-5M100-10-37-0 (aggregate and ZL 60/80)--compression
S-5M150-37-10 (ZL 30/50)--compression.
S-5M15C-37-10 (Z1. 50/50)--compression.
S-5M150-37-10 (ZL 60/80)--compression.
S-5M150-37-10 (aggregate and ZL 60/30)--compression.
$-3M100-10-38-0 (ZL 30/50)--compression.
S-3M100-10-38-0 (ZL 50/50)--compression.
$-3M100-38-0 (ZL §0/80)--compression.

S-3M100-10-38-0 (aggregate and ZL 60/80)--compression.

S-5M50-15-35-10 (Z1. 30/50)--compression.
S-5M50-15-35-10 (ZL 50/50)--compression.
S-5M350-15-35-0 (ZL 60/80)--compression.

S-5M50-15-35-10 (aggregate and ZL 60/80)--compression.

Procedures Checklist.

X

e S SR L e S Y i

I41
142

143

1
o

)

'
PR

,.....u....‘.ww

..



PRI LV e T F Ty TS s TN T N e Y meeme—s—e = = e——e AT R RS T ommeeesEmes s e

TABLES
. Table Pace
1. Slurry infili-ation test parameters. 4
2. Mix ingredients. 3
- 3, Sand properties. 6
4. Penetration test results. I3
5. Slurry compressive strength. 24
B 6 Selected SIFCON fluidity measurements. 26
7. Selgcted SIFCON compressive strength. 2%
8. STFCON material costs summary. 31
Py G.  Sumi2i~v ol vonclusions. 35
Al. Sand slurry infiliration study mix designs. 40
Al Flow measurements, 42
7 B1l. Selected SIFCON study mix designs. 130
B2. SIFCON matenal costs. 131
B
R
)
o
o
X
lo




METRIC CONVERSION TABLE

To convert from To Multiply bv
Fahrenheit °F) Celsius (°C) 5/8 (F - 32)
inch (in) millimeter (mm) 254

foot (ft) meter (m) 0.3048
pounc{/square inch kilopascal (kPa) 6.895
(ib/in<, psi1)

kips/square inch megapascal (MPa) 6.895
(k/in?, ksi)

ounce (0z) kilogram (kg) 0.02835
pound (1b) kilogram (kg) 0.45

ounce (0z) cubic centimeters (cm?) 29.57
gallon (gal) cubic meters (m3) 0.00379




1.0 INTRODUCTION

1.1 OBJECTIVE

This report documents a material propernies development program involving slurry infiltrated fiber
concrete (SIFCON). This program investgated the use of sand in SIFCON slurries and was a pant
of a larger research project concerning the use of SIFCON 1n large-scale consauction. The results
of the larger project are documented in a separate report (Ref. 1). Both programs and both reports
were performed by the New Mexico Engineering Research Insamte (NMERI) for the Air Force
Weapons Laboratory (AFWL) under Subtask 2.15.

1.2 BACKGROUND

NMERI has been using SIFCON in various appiications since 1983. In 1985 a SIFCON marerial
properties development program was begun. The initial program studied some SIFCON muaterial
properties in compression and a report documenting the results was prodiiced (Ref. 2). In 1987 a4
second program was completed documenting SIFCON material properties in flexure (Ref. 3).

In the SIFCON flexure program, preliminary studies were performed using sand in SIFCON
slurries. Although the study was preliminary, the use of sand in SIFCON was found to be
advantageous. The program also identified some problems and limitanons in using sand. The
potential advantages warranted further study to attempt to find solutions and to define the limita-
tions of some of the problems. This report summarizes further preliminary work in these areas.

1.3 NEED

The advantages of using sand in SIFCON slurrics are at least twofold. First, the use of sand
lowers the cost of a very expensive slurry. The use of sand adds mass to the slurry matix:
therefore, it replaces other more expensive ingredients such as cement. Second, the sand enhances
the SIFCON material propertics. The sand in the slurry produces a denser matrix, increases
durability, reduces cracking from shrinkage, and does not significantly lower SIFCON strength
properties.

Tue major problem encountered in the use of sand in SIFCON concerns the ability of the slurry to

nfiltrate the dense bed of steel fibers used in SIFCON manufacture. Only slurries with relatively




low viscosities are useful in the manufacture of most SIFCON. The addition of sand in slurries
introduces at least three major problems to infiltranon.

The first problem concerns siurty viscosity. The more sand that is added to a given slurry mix, the
more viscous the slury becomes. The more viscous a slurry becomes, its ability to infilrate a
given fiber bed decreases. Therefore, for a given mix with a given water/cement plus fly ash ratio
(W/C+FA), there is a limit to the p:oportion of sand that can be added and still ensure proper tiber
infiltration. Another factor affecting viscosity is sand gradation. For a given quantity of sand and
a given siurty, the addition of different gradations of sands will result in different slurry viscosi-
ties.

The second problem concems a filiering effect of the fibers. The fibers tend to filter out sand
grains at the surface of the fiber bed. When enough sand grains are filtered out at the surface, the
rest of the bed is sealed off from proper infiltration. This often results in voids in the SIFCON.
Consequently, the greater viscosity of the slurry, larger sand grain size, and the density of the fiber
bed can all contribute to difficulty of slurry infiltration.

A third problem involves the settlement of sand. In fluid mixes, the sand grains tend to settle to the
bottom of the slurry. The larger the grain size and the higher the flmdity of the slurry, the greater
is the tendency of settiement.

These problems in the use of sand in SIFCON slurries made the research of this program
necessary.

1.4 SCOPE

The scope of this program was threefold. The main purpose was to identify and solve as many of
the problems associated with tiber infiltration of SIFCON slurnes containing fine-grained sands as
practical. Secondly, the program attempted to develop a few high-strength SIFCON mixes
containing sand that would be useful in large-scale SIFCON applications. Third, the program
developed material costs for SIFCON mixes containing sand and mixes without sand. From this
d..a the cost savings introduced with the uge of sand can be seen.

2
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2.0 TEST PROCEDURES

2.1 INTRODUCTION

This preliminary program was performed in two phases. The first phase primarily focused on
defining the factors that affect infiltration of sand slurry into SIFCON steel fibers. This phase is
identfied as the infilration study. To accomplish this, several tests were performed. These tests
are descnbed below. The purpose of the second phase, designated as the selected SIFCON study,
was to observe the effects on compressive strength when using sand in selected SIFCON mixes.
To accomplish this, five different mixes were prepared and SIFCON slabs were molded. From
these slabs cored test specimens were removed and tested after 30 days for uniaxial unconfined
compressive strength.

2.1.1 Mix Parameters

Since thers were two phases of this program there were two groups of mixes. The first phase,
relating to infiltradon, contained four sets of mixes--each concerned with a different sand type.
Table 1 presents all the parameters and tests studied with these four sand types. In general, fluid
and moderately viscous mixes were made using each sand type. The fluid mixes containec a
water/cerrent plus fly ash (W/C+FA) ratio of 0.40 while the moderately viscous mixes contained a
ratio of 0.35. One mix using the finest grain size sand was made with a ratio of 0.31). This mix
was found to be very viscous even with low sand percentages. Within each major mix, all clurry
ingredients were heid constant except the sand percentage. The various tests and observatons
noted in Table 1 were then perfcrmed on these slurries having different sand percentsges.

Three tests were performed and observations made on the slurry mixes of the first phase. The tests
included ASTM C-936 flow tests, cube strength tests and a specially devised test designated as the
penetration test. The flow test was used to measure the relative fluidity of the slurries. The cube
strength test was used to measure the uniaxial compressive strength of the slurries. The
penetration test was an attermpt to measure the relative ability of sand slurries to penetrate various
fiber types. Observations were also made on saw cut specimens of STFCON containing all the
slurries produced 1:: this phase.

The second phase of the study attempted to develop various high-strength SIFCON mixes
containing fairly high percentages of fine-grained sands. These mixes contained either 50, 100, or
150 percent sand with respect to the cement. Besides the typical SIFCON ingredients some of the
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Tab'e 1. Slurry infiltration study test parameters.
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slurries also contained microsilica. Three different fiber types were infiltrated into each of the
slurries to produce the SIFCON. Emphasis was placed on finding mixes that would result in good
infiltration. Much of the informatior obtained in the first phase was used to design these mixes.

! 2.1.2 Mix Ingredients and Proportions

The mix ingredients used in this study are listed in Table 2. The ingredients that were used in
every mix included cement (in bagged formn), water, and superplasticizer. Fly ash (in bagged
form) was used in ull slurry infiltration study mixes and only two selected SIFCON study mixes.
One of four different types of sand, designated by the suppliers as 50 mesh (bulk), 30 mesh
(bulk), washed plaster (bulk) or fine blasting sand (bagged), were used in all mixes. All sands
used were commercially available and obtained from local suppliers. Table 3 presents the

properties of the four sand types. Most of the property information was obtained from the
suppliers. NMERI checked the sieve analysis as shown in the table. A clean, coarse concrete

J

agzgregate from a NMERI stockpile of unknown source was also used in a few tests in the selected
SIFCON study mixes only. One of three types of steel fibers (uncollated), designated as ZL
30/50, ZL 50/50, or ZL 60/80, were used in the selected SIFCON study mixes only. One of two
b types of microsilica, designated as EMS 960 (bagged) or Force 10,000 (fluid), were used in four
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of the five selected SIFCON mixes only. Only one infiltration mix contained a small percentage of
a bentonite viscosifier.
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TABLE 2. Mix ingredients,

[__Ingredients |__Description |__Supplier _|__Applicable mixes | ;
|
Cement ASTM C-150 Quickrete All :
Fly ash Class C Front Range Fly Ash Infiltration tests and =
selected mixes ’
Water Facility 26025 tap water Kirtiand A.F. Base wall no. 2 All '
Microsilica EMS 960 (bagged) Elkem Chemicals Inc. Selected mixes :
Force 10,000 W. R. Grace & Co. Selected mixes .
Bentonite Quik-Gel viscosifier NL Baroid Infiftration tests
Superplasticizer| 400N Master Builders, Inc. All .
Fiber ZL 30/50, ZL 50/50, Bekaert Steel Wire Corp. Selected mixes .
2L60/80 Selected mirss
Sand 50 mesh, 30 mesh, Springer Buildine Materials Intiltration tasts
washed plaster
50 mesh, 30 mesh Selected mixes
Fine blasting Alhg. Gravei Products Infiltration tests .
Aqgrecate 3/4" concrete agaregate NMERI siockpile Infiltration tests E
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TABLE 3. Sand properties.

. Sand 50 mesh sand 30 mesh sand _|Fine blasting sand _{Washed plaster sand{Aggregate
type | NMERI | Supplier] NMER! | Supplier] NMERI | Supplier | NMERi | Supplier | NMERI

Sieve analysis

h Siave Passing sieve,
size, no. %

1" 100.00
3/4” 97.74

! 12" 35.47 !
3/8" 2.80
4 100.00 89.78 100.00 0.08
8 100.00 99.00
10 99.93 35.35 0.06 3
16 99.70 88.00 1
20 ]100.00 100.00 99.73 76.63
30 100.00 98.00 72.00
35 90.00
40 98.12 100.00| 2985 68.00 | 75.80 86.20 32.82 0.00
45 94.00 52.00
50 73.00 27.00 58.50 28.00
60 36.25 51.00 | 3.04 16.00 | 25.08 8.05
70 3i:.00 10.00
80 20.00 2.00 24.80
100 9.00 1.00 17.70 5.00
120 4.00
140 3.07 2.00 0.10 0.00 1.57 0.58
200 1.12 0.04 0.00 6.70 0.15 3.00

Specific gravity

- 17259 T - ""T285 [ - [258-260] - [ 2.59 | ] i

Absorption, %

[ - bt 12 1 - P2t - | o8 | - T 12 1 ]

Suppliers

Springer Building Albugquerque Springer Building I Unknown
Materials Gravel Products Materials |




Tables A1 and B1 in Apoendixes A and B present all the specific mix proportions for the two
phases of this program respectivcly. The major variables of the slurry infiltration study mixes
(Table A1) were the sand type and the percentage of sand with respect to the cement. These mixes
are grouped according to the water/cement plus fly ash (W/C + FA) ratio. The two major groups
included fluid and moderately viscous mixes at 0.40 and 0.35 W/C + FA ratios respectively. One
major mix contained a W/C -+ FA ratio of 0.30. It turned out to be very viscous.

The selected SIFCON study mixes (Table B1) were trial batches used to verify and expand the
findings of the slurry infiltration study mixes. This slurry was then used to mold SIFCON sample
slabs by infiltrating three different fiber types and one containing a combination of fiber and a
concrete aggregate. Core specimens were removed from these slabs and tested for compressive
strength,

Every mix in this study had a unique identificaton code. The code had a relatonship to the major
mux proportions. Figure 1 interprets the meaning of each identificaton code in the slurry
infilration study. The mixes with the "x" in the place of the sand percentage indicates that a slurry
was initally made omitting the sand and then smaller portions of that same slurry were mixed with
the difrerent sand percentages. These mixes are always followed in Table A1 with the final slurry
mixes containing the varying sand percentages. This procedure was followed to ensure that the
slurry without the sand was identcal for each individual sand percent.

The identification codes for the selected SIFCON mixes (Tabl= B1) are similar to those of the
infiltraion study mixes. Figure 2 interprets the meaning o1 avn of these identification codes. The
only difference is that some mixes have three sets of numbers at the end instead of the two. When
there are the three sets of numbers, the first set indicates the percent of microsilica with respect to
the cement in the mix. The last two numbers represent the same proportions as the slurry
infiltration study mixes.

2.2 SLURRY INFILTRATIQNN STUDY TEST PROCEDURES
2 2.1 Slurry Mixing
The following procedures were used on the major slurry infiltation studv mixes where the sand

percentages were varied. A copy of the specific procedures checklist used by the laboratory
technicians is contained in Appendix C. First, a relatively large batch of the slurry ingredients

without sand was mixed. Experience has shown that the best order of ingredient mixing is to




W/C+FA ratio
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Sand type The second of two
(5% meysri1 mixes with identical
mix propontions

\ \

$-5M100-40-30 B

Mix contams
sand FA/C+FA proportion

in percent
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Figure 1. Mix identfication codes for infiltraton study mixes.
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Figure 2. Mix identfication codes for selected SIFCON study mixes.
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first, mix the water with the superplasticizer; ni:xt, add the fly ash; and finally, add the cement and
any other additives. After thorough mixing, proportional predetermined smaller batches of this
slurry were weighed out to correspond to the preweighed sand percent (refer to the second page ot
the technician's procedure checklist sheets in Appendix C). All sands were dried out before
preweighing so that the appropriate absorption water could be added. After the sand was added the
smaller mixes vsere thoroughly mixed. The percent of sand ranged trom 0-200 with 30-percent
increments (Table 1). Some mixes, however, were too viscous Lo allow the 200-percent sand to
be used; for these mixes only 150-percent sand was added. From these smaller mixes several tests
were performed and observations made.

2.2.2 Fluidity Tests

A major tactor affectung infiltration of slurry into steel fibers is the tluidity of the slurry.
Therefore, fluidity measurements were taken using the ASTM C-939 flow test. The test simply
involves measuring the amount of time required for a given volume of slurry to pass through a
standard flow cone. A flow measurement was taken at approximately 6 to 7 min after initial
mixing of the slurry. Since slurries lose fluidity with time, flow measurements were also taken at
increments of time up to approximately 4 h after initial mixing. The slurry was premixed briefly
before cach tlow test. All flow measurements are presented in Table A2. From these data it can
be determined relatively how well a given slurry will infiltrate the fibers, and how long the slurry
can be kept on hand before it becomes too viscous to infiltrate the fibers safely. The dme from
initial mixing to when infiltration may be questionable is designated as mix open time.

2.2.3 Penetration Tests

A major obstacle to infiltration of slurry contairing sands into steel fibers is the filtering effects of
the fibers. Different fibers retain more sand particles within the fiber bed while others more readily
permit the particles to penetrate. A test was devised to measure the relative ability of sand slurries
to penetrate fibers (penetration test).

Since there are no known comparable tests, some procedures may seem arbitrary. These were
adapted for consistency and practicality. The test consisted of passing a known volume of slurry
through a constant-volume fiber bed and then detennining the percentage of slurrv passing through

the fibers. The constants included the sume slurry ingredients and proportions, the same proce-
dures, and the same volume of slurry and fibers. The variables included four different sand types
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and three different fiber types. In general, two different slurry fluidity levels were also used.
These consisted of a fluid and a moderately viscous mix.

The following procedures were used in nerforming the penetration test. Standard aggregate sieves

were used in this test. Steel fibers were tirst randomly rained into a 2-in depth in a No. 20 sieve.

The sieve was placed on a pan. The fiber bed was then vibrated for 30 s, and more tibers were

added to compensate for any settlement during vibration. Next, a well-mixed constant volume ot

slurry was slowly passed through the fiber bed and caught by the pan. Care was taken to prevent

any slurry from overflowing the sieve. The sieve and pan were then allowed to set tor 20 min to

allow the slurry to penetrate the fiter bed. The percentage of the slurry penetraung the fiber bed

was determined by dividing the weight of the slurry passing the fiber bed by the wcight of the total al
slurry poured over the fiber bed.

2.2.4 Seulementi Observations

It has also been observed that there 1s a tendency of sand particles within sand slumes to settle 10
the bottom of the slurry. The tendency for settlement appears to vary with fluidity and particle
size. SIFCON specimens were prepared for purposes of visual observation of this settiement.

The following procedures were used in preparing the specimens. A conventonal cylinder mold -
was filled with one of the fiber types. The fiber was randomly rained in and then vibrated for

2 min. After the specific slurry was ad=g ately mixed, it was poured through the fiber bed in the
cylinder meld. An attempt was made to keep the slurry from flowing down the sides cf the cylin-
der between the fiber and the mold wall. This is an area of lower fiber density that allows slurry to
flow to the bottom at a nonrepresentative rate. With some slurries and some fiber types this could
not be prevented. If a slurry was too viscous to pass through the particular fiber type, varying
amounts of vibration were applied in an attempt to get infiltration. After the cylinder was filled
with slurry, the specimen was set inside the temperature contol room for curing. After several -
days these cylinders were then saw cut vertically, exposing a cross section of the SIFCON.

Photographs of these sections were taken and observations of the infiltration and sand distribution

were made.

2.2.5 Slurry Compression Tests

Slurry cubes were also molded for most of the mixes of this phase. After thoroughly mixing each

slurry batch, a set of cubes was molded. It was observed rhat the sand in the slurry of many of
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these cubes tended to settle to the bottom of the mold. The depth of thi: settlement was recorded.
Atter 30 days of wet curing, the cubes were tested for uniaxial compresuion. In testing, the cubes :
were aligned on their sides with respect to their moided position, since these would be the
smoothest and most parallel faces.

2.3 SELECTED SIFCON STUDY TEST PROCEDURES

-
B .’0

2.3.1 Slumy Mixes

The purpose of the mixes in this phase was to develop workable high-strength SIFCON mixes
using sand. The information that was gained in the first phase was used to design these mixes.

An attempt was made to design slurries that were not only high strength but also had good intiltra-
ton qualities. Slurries were proportioned so that a 6-in-deep slab could be molded with minimal or
no vibraton. These slurries in general contained relatively large percentages of sand as well as
other ingredients such as microsilica. In some samples an attempt was also made to introduce a
prepleced concrete aggregate within the preplaced fiber bed.

The initial proportioning was based on estimates from other high-strength mixes not containing
sand, plus the information gained from the first phase of this program. The initial water proportion

B >
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was set so that a viscous mix would result. After a slurry batch was made using these initial
proportions, the consistency, fluidity and tendency of sand settling was observed. Since these
mixes were intentionally viscous, additional superplasticizer and/or water was added after initial

| mixing. An attempt was made to obtain a slurry with as low a W/C+FA ratio as practical, but at
the same tme viscous enough to keep the sand from settling, and yet fluid enough to properly
infiltrate the fibers with minimal vibration. Such mixes would be practical only in large-scale
SIFCON construction.

2.3 2 Slab Infilrration rvations

For each slurry mix, four SIFCON slabs were molded. Three of these contained the three different
fiber types (ZL 30/50, ZL 50/50, ZL 60/80) while the fourth contained a mixture of the ZL 60/80
fiber type with a concrete aggregate cvenly interspersed. The aggregate and fiber were placed
simultaneously by sprinkling 1n proponionate amounts until the mold was filled. Each fiber bed

was vibrated for 2 min. The aggregate percentage was measured by weighing a sufficient quantity
. of aggregate, then subtracting the quantity remaining after filling the mold. This weight was then
compared to the proportional weight of the cement in the slurry. These four different slabs allowed
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a comparison of not only SIFCON strength for the fiber types but also the relative ability of these
fiber types to permit infiltration with the same slurry.

After the slurry was first produced, a flow measurement was taken. The flow measurement was
used as the basis for the addition of more superplasticizer and/or water. Once the desired slurrv
fluidity was obtained, the slurry was poured through each of the four tiber beds. Vibration was
applied only when the slurry was not infilrating any one specific fiber bed properly. Observations
were made on this infiltration procedure that woula be helpful in modifying field-produced
slurries.

2.3.3 SIFCON Compression Tests

After the four slabs were molded. they were water cured in a temperature contolled room. After
several days, cored specimens were removed from these slabs. These specimens were prepared
for uniaxial unconfined compression tests after 30 days of curing. The testing of the specimens

included the plotting of complete sess versus strain curves.

Observations were also made on the cored specimens before testing. The quality of infiliradon and
the sund disribution within the specimens were observed.




3.0 TEST RESULTS

3.1 SLURRY INFILTRATION STUDY RESULTS

3.1.1 Fluiditv Measurements

The resuits of all flow tests tor this phase of study are prescnicd 1n Table A2, The table is divided

into three groups. The three groups include fluid, moderately viscous, and viscous mixes with

W/C+FA ratios ot 0.40, 0.35, and 0.30, respectively. Within each of these three groups, individ-

ual tables for each major mix are presented with that mix identification appeaning at the top of the

individval table. In the left-hand column of each individual table for each major mix are the _:
specitic umes with respect to the initial mix start time (T=0)) that the individual flow tests were

performed. At the top of the individual ables are the different sand percentages represented within

the major mix. Within the table itself are the actual flow measurements 1n seconds.

The most obvious overall result is that a decrease in the W/C+FA ratio results in slurries of greater

viscosity. Equally obvious is that, for a given slurry, an increase in sand percentage results in an

increase in the viscosity of the sand and slurry combination. The slurries also tend to become more

viscous with increased time with respect to the initial mix time. Comparing the different sand types ‘.
does not reveal any drastic differences in tludity. The three tine grained sands--50 mesh, ¥
30 mesh, and tine blasting sand--show similar flow measurements, especially at the lower sand

percentages. The washed plaster sand appears to result in a slightly more viscous sand slurry ‘--'7.
combination. The addition of the bentonite viscosifier tended to increase viscosity. The purpose in '
using this viscosifier was to see if it would control sand settlement. This will be discussed later in

this report.

Open ume for the mixes varied considerably. In this report, open time is definea as the length of
ume from initial mixing ot the slurry ingredients (T = 0) to the time when the flow measurement
reaches or exceeds SO s. Practical experience has shown that a slurry without sand with a flow
measurement of less than 50 5 will infilrate most fibers without any vibration of the fiber bed
during infiltration. For mixes that were initially fluid, the open time exceeded 4 h, except for =
those slurries containing 200-percent sand and the slurry with the viscosifier plus 150-percent
sand. In the tables, the open time 1s delineated by the lines within the flow measurement portion of
the individual tables. For the moderately viscous and viscous mixes, 150 percent was the
maximum practical quantity ot sand used. The open time for the moderately viscous mixes also

was fairly long but shorter than for the tluid mixes. The one viscous mix wis 100 viscous even at
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initial mixing to ensure proper infiltration without any vibration; therefore, the open time would be
less than 8 min for all those sand percentages.

3.1.2 Penenation Tests

The penetration test was intended to give a relative measure of the ability of sand slurmes to pene-
trate different finers at ditferent levels of fluidity. Tabie 4 presents the results of the tests. The
test was performed for those mixes presented in the table and using the three fiber tvpes considered
in this study. The mixes were proportioned such that three viscosity lcvels were obtained--fluid,
moderately viscous, and viscous mixes with W/C+FA ratios of .40, 0.35 and 0.30, respectively.
Also contained in the table is a fluidity measurement. The flow value at 30 min after initial mixing
(T=0) gives another indicator of relative fluidity. Three other mixes are presented at the bottom of
the table. The tirst of the thiee is that mix containing the viscosifier while the other two are mixes

used in the selected SIFCON mixes phase of this study. These were tested simply for comparison
purposes.

Tie results of these penetration tests represent the percentage of the sand .urmry passing through a
cons:ant-depth fiber bed with respect to the total sand slurry poured on the surface. The results
clearly indicate that the denser that fiber bed is, the lower is the percent penetration. This was
expected. The ZL 30/50 fibers, being the densest at 9.4 percent by volume, had the lowest
percent penetration in all except one mix (S-3M100-35-30 B). The ZL 60/80 fiber with the least
densc fiber bed at 6.6 percent by volume had the highest percent throughout. There was little
discernible difference betwecn the different sand types. The reason for this may be one or all of
three possibilites. First, there may not be any difference or only slight differences between the
ability of these sands to penetrate the fibers. Second, the data may be too limited to establish any
trends. Third, the tests were probably too imprecise to expose any differences. Whatever the
reason, there clearly is a need to do much further swudy in this area.

3.1.3 Sewlement Observations

Ii. general, when sands were used in slurries, there was a tendency for the sand to settle out of the
rest of the slurry. There also seemed to be a tendency for the fibers to filter sand out of the slurry
at the surface of the fiber hed. Photographs were taken of cross-sectional cuts of SIFCON

cvlinders to observe these fiber infiltration problems. These photographs are presented in

Appendix A (Figs. Al through A84). The photos show the sand grain distribution inside a




TABLE 4. Penetration test resuits.
Mix Fluidity Fiber type
identification Sand Flow ZL 30/50 2L 50/50 ZL 60/80
code type at 30 min, 9.4% 5.7% 6.6%
5 Paneatration, %
Fluid mixes (W/C+FA = 0.40)
S-5M100-40-30 50 mesh 16 12.6
S-5M100-40-30 B 17 9.9 17.6 37.8
S$-3M100-40-30 30 mesh 18 9.2
S$-3M100-40-20 B 17 6.4 9.4 14.9
S-FBS100-40-30 Fine blasting 15 1.5
S-FBS100-40-30 B sand 17 10.5 12.6 14.3
S$-SP100-40-30 Washed 17 8.3
S.SP100-40-30 8 plaster sand 15 8.2 25.2 28 .1
Average 16.5 9.5 16.2 23.8
Moderately viscous mixes (W/C+FA = 0.35)
S-5M100-35-30 B 50 mesh 37 5.1 53 10
S$.3M100-35-30 30 mesh 17 11.3
S5-3M100-35-30 B 37 2.8 2.6 3
Average 30.3 6.4 4.0 6.5

Viscous mix (W/C+FA = 0.30)

[S-5M100-30-30 | 50 mesh | 95 | 0
er mixes
5G-3M100-40-30 30 mesn 20 53 (Viscosifier used)
5-5M150-15-42-0 50 mash 24 6.6 {Microsilica used)
> S-5M100-10-37-0 50 mash 40 0 (Microsilica used)
»
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fiber bed. These photos are arranged in the order outlined in Table 1. ‘The photos are grouped
according to (a) sand type, (b) fluidity within the sand type, (¢) the sand percentage within the
major slurry mix, and (d) fiber type. In addition to showing the sand settlement and sanc grain
distribution within the fiber bed, the photos show other interesting infiltration charactenstics such
as the relative quantity of entrapped slurry air bubbles, voids, and the relative tendency for sand
entrapment within the fiber bed.

It can be observed from the photos that in general nearly all mixes showed settlement of sand in
most cylinders of the three fiber types throughout the full range of all sand percentages. Figure 3
is representative of this settlement. The only cylinders where no settlement was observed were in
the cylinders of the one viscous mix. A few other cylinders with the ZL 30/50 fibers revealed litle
if any sand settlement. These tended to contain only 50-percent or 100-percent sand where it
appeared that the fiber bed entrapped the sand that would otherwise have settled out. Figure 4 15
representative of this tendency of sand enrapment instead of sertlement. The other two fiber types
entrapped very little sand.

The one viscous mix showed the best sand distribution throughout the fiber bed as shown in
Figure 5. The mix appeared to be viscous enough to keep the sand particles suspended in the
slurry. In order to achieve infiltration with this viscous mix, considerable vibration was applied to
all except two of the cylinders.

The use of the bentonite viscosifier 1n a fluid mix did not seem to Lold sand particles in suspension
as hoped. It did, however, make the slurry a little more viscous than if it had been omitted. This
increased viscosity scemed to account for the ability to hold particles i suspension in § of the 12
cvlinders of this major mix. There was settlement of panticles in all the other seven cylinders.

A few cylinders showed a failure of the slurry to infiltrate the fiber bed. This occurred when the
sand percentage was 200, causing the slurry to become viscous. This failure occurred only in the
slurries that were initially fluid before the addition of the sand. It did not occur in any of the
moderately viscous or viscous muxes. In the moderately viscous and viscous mixes 200-pe rcent
sand was not even attempted. During the preparation of these cylinders, observatiors indicated
they would not have successfully infiltrated with 200-percent sand. This indicates that about 200-
percent sand is probably an upper limit for most SIFCON slurries. The cause of the failure to
infiltrate was observed to be a tendency for the fiber bed to filter sand particles out of the rest of the

slurry at the surface. This occurred when the sand percentage was high and the slurry too viscous
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Figure 3. 30-mesh sand (100%) in fiuid mix -- ZL 680/80 fibers.
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Figure 4. 30-mesh sand (100%) in moderately viscous mix -- ZL 30/50 fibers.
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1o "wash" the particles down into the fiber bed. After enough sand particles were filtered out, the
fiber bed became so clogged that the bed became essendally sealed off, preventing further
infiltration. Figures € and 7 illustrate the results of this fiber clogging. These figures also show
that there are potentially different degrees of this effect. Figure 6 shows the use of the denser
ZL. 30/50 fiber after considerable vibraton. Figure 7 represents the identical slurry but with

ZL 50/50 fiber after moderate vibration. It was observed that the ZL 30/50 fibers showed the
greatest tendency for this clogging of the three fiber types whiie the ZL 60/80 showed the least.

Vibration of the fiber bed during infiltration helped greatly in preventing this clogging of the fiber
bed. The ZL 30/50 fibers needed far more vibration than the other two fiber types to prevent
clogging. The majority of the cylinders required no vibration for good infiltration. Only when
vibration was applied is there a notation made in the figure titles. The decision to apply vibration
was based on observations made during the infiltration process. When a slurry infiltrated the fiber
with eace in the center of the fiber bed, there was confidence that the bed would be adequately
infiltrated. When the slurry tended to accumulate in the center and begin to flow to the sides and
then down the insides of the mold, clogging appeared to be taking place. If this occurred, a
decision was made to vibrate the cylinder. Usually the vibraton would facilitate infiltration and
break up the clogging. There were only these few cases mentioned above where the sana and
viscosity were excessive and where even vibration could not prevent the clogging of fibers. The
figures also contain a notation indicating which cylinders were infiltrated when the slurry ran down
the sides of the cylinder rather than through the center of the fiber bed.

There was little difference observed in the ability of the three fine-grained sands to infiltrate fiber
beds. In the laboratory, the 50-mesh sand appeared to infiltrate only slightly easier than all four
sand types tested. The coarser, washed plaster sand showed thc most difficulty in infiltrating.

In conclusion, these observations demorstrated that great care is needed in proportioning sand
slurries for successful fiber infiltration. In using sand it is desirable to keep the slurry as viscous
as is pracucal in order to keep the sand grains in suspension. But the slurry must not be so viscous
that clogging of the fiber bed occurs. Also, it has been observed that there is a practical limit of
about 20C-percent sand that can be introduced into a SIFCON slurry. Finally, fine-grained sands
are preferable to conventional plaster sands. In tact, sands any coarser than masonry or plaster
sands are not practical for SIFCON.
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Figure 6. 30-mesh sand (200%) in fluid mix -- ZL 30/50 fibers, much vibration. i
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Figure 7. 30-mesh sand (200%) in fluid mix -- ZL 50/50 fibers, moderate vibration.




3.1.4 Slurry Compression Tests

Slurry cubes were molded for the majority of the sand slurry mixes of this phase of the study.
Table 1 shows the mixes from which cubes were molded. From these cubes, uniaxial unconiined
compression tests were performed. Table S presents the results of all these compression tests.

Table 5 groups the tests according to the three major fluidity groups: fluid mixes, moderately
viscous mixes, and viscous mix. The variation percent next to the stress value represents the range
of variation of the strength values for the entire set of the individual successful specimen tests.
This value is calculated by taking the percent of the difference between the minimum and maximum
values divided by the maximum. This value gives a relative indication of consistence within rhe cet
of tests. The settlement percent is a measure of the depth of sand sertlement within the cubes with
respect to the total specimen depth. The individual specimens were each visually inspected before
testing to see the depth of this settlement. This depth was measured and then the value was divided
by the total depth of the cube tc obtain this percentage. There are two sets of averages. The aver-
ages at the right hand column relate to the individual mixes of sand types (i.e., S-5Mx-40-30).
The average stress values represent those of the various sand percentages combined for each mix.
The variation percentage represents the relative consistency of those same sand percentage stress
values. The second set of averages, at the bottom of each table are averages of all the major mixes
combined for each specific sand percentage (i.e., SO-percent sand). The variation percentage
represents the relative consistency of these stress values.

The data are limited and somewhat inconsistent bur show some trends. The major conclusion that
can be drawn is that the use of fine-grained sands in these slurmes does not significanty adversely
affect the compressive strength. In most of the slurries, however, there tends to be a small
decrease in slurry strength with the increase in sand percent. This is observed in the data repre-
senting all the sand types. The mix with viscosifier, however, showed dara that indicated a slight
increase in strength with increased sand percent. These increases or decreases are not major and
may be partly explained in the scatter of test results that are typical of these types of tests. The
differences in strength of the various sand types were even less varied. Actually, the variation
perccat for the slurry without any sand was greater than the variation per: ~nt of all those with
different sand percent.

In conclusion, it seems that one can expeci a slight decrease in the comip.ccoi-e strength of sand
slurries with an increase in the percentage of sand. It appears that the tvpe of sand has less effect
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on compressive strength than the percentage of sand. In interpreting these limited data it should be

remembered that in many cases the cube specimens containing sand had settlement ot the sand;

therefore, the specimens were not homogeneous. This probably introduced some error in the test

results. The tables show that when settlerneni occurred there was a greater percentage of settlement -
with a greater percentage of sand. This is what would be expected.

3.2 SELECTED SIFCON IDYR ILT
3.2.1 Infiltration Tests

It was learned from the first phase of this program that in sand slurries it is desirable for the slurry

to be as viscous as possible to prevent sand settlement The slurry, however, must be fluid

enough to produce good infiltration. One goal of this second phase was to find high-strength

slurries with fluidities that weuld accomplish both these objectives. The procedures for producing

such a slurry were described earlier in this report. It was also observed that fine-grained sands are .
the most practical for SIFCON slurries. Therefore, only the 50-mesh (four mixes) aind 30-mesh

(one mix) sands were used in this phase.

Table 6 shows the flow measurements for each slurry as well as the amount ot vibration applied ©
each of the SIFCON slabs. Each slurry was made as viscous as practical. The range of flow
measuremnents extended from 24-40 s at the inidal measururenic Tie vitiaton sequired to assure
ir.iltration was minimal for all slabs except those with ZL 30/50 fibers. The most viscous mix
with an initial flow measurernent of 40 s required 5 min of vibration for ZL 30/50 fibers and

1 min for the rest of the slabs. The mix with a small percentage of sand required no vibration for
any slab. An observation made during the mixing and molding of specimens was that the use of
microsilica seems to aid in holding the sand particles in suspension. This should be tested further
because it 1s not certin whether it was the microsilica or sinply the higher viscosity or a combina-
tion of both that produced this effect.

Observations were made on the test specimens that were removed from the slabs. All specimens
revealed excellent infiloration. There were no voids and very few air bubbies observed. The sand
distributici within the slab was also observed to be excellent. Negligible settlement of sand
particles was noted.

Even though these data are limited, some conclusions seem evident. It is advantageous to keep

fine-grained sand slurry mixes as viscous as practical. This not only helps keep sand particles in
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TABLE 6. Selected SIFCON fluidity measurements.
Flow measurements
Mix Measuremen: time. T (T=x, miny
identification 7 | 30 | 45 1 60 | 90 [ 126 [ 150 [ 180
code Flow measurement,
S
S-5M150-15-42-0 24 24 28 32 34 36 [ 40
S-5M100-10-37-0 | a0 40 45 57 82 104
S-5M150-37-10 36 | 43 54 59 61 65 66
S5-3M100-10-38-0 32 33 35 36 | 40 42 47 61
5-5M50-15-35-10 31 25 28 31 37 38 39 | 40

Note : The vertical iineg within the table represent the slurry open time for the mixes. The horizontai
lines simply j0in the vertical lines of these mixes.

VYYibration
Mix Fioer type
identification ZL 30/50 | L5080 | ZL60/80 | Aqgr & ZL 6080
code Vibration,
min
S-6M150-15-42-0 12 0 0 0
S-5M100-10-37-0 5 1 1 1
S-5M150-37-10 6 0 0 0
S-3M100-10-38-0 6 0.5 0.5 0.08
S-5M50-15-35-10 0 0 0 0
26




suspersion in the slurry but keeps the W/C+FA ratio low, which results in higher SIFCON
strength characteristics. A preliminary suggested range of flow imeasurements tor these slurries
should be between 25-40 s. Slurries at the lower end of this range will infiltrate easier, but also
introduce the potenual of settlement. Slurries at the upper end will 2nsure that the sand particles
will remain in suspension but vibraton may be required to produce proper infiltration. The

7 1.30/50 fibers are the most difficult of the three types to infiltrate with viscous mixes. Vibration
1s probably needed whenever the ZL 30/50 fibers are used.

3.2.2 SIECON Compressive Tests

The compressive strength of SIFCON containing fine-grained sands is of special interest. The
addituon of sands to SIFCON slurnies is advantageous on!y if the sand does not adversely affect the
SIFCON strength. Therefore, mixes using sand were designed, and specimens were prepared that
would produce relatively high-saength SIFCON. Core specimens were removed from the
SIFCON slabs that were described earlier. Smength comparisons were also made between the
three fiber types that were used.

Individual stress versus smain plots were generated for all these tests. These are contained in
Appendix B (Figures B1 through B20). Table 7 summarizes the ultimate strengths for all these
plots. The table shows that relatively high-strength SIFCON is possible using relatively high
percentages of fine-grained sands. The strengths are at levels that would be expected of similar
slurries not containing sands. In fact, there may even be an enhancing of the strength with the
presence of the sand. The strengths ranged from 18,889 to 25,724 1b/in2 for ZL 30/50 fiber with »
a high-density fiber bed to 13,076 to 17,851 Ib/in® for ZL. 50/50 fiber with a low-density fiber 7
bed. As would be expected, the greater the percentage of fiber in the bed, the higher the strengths

produced due to the additonal reinforcement of the fibers.

3.2.3 Aggregate and Fiber Combination

Since it has been shown that it is advantageous to use fine-grained sands in SIFCON, preliminary
consideration was given to the use of concrete aggregate as well. A major problem in using aggre-
gate is getting the aggregate into the fiber bed. For the purpose of this study, the aggregate was
preplaced by hand in conjunction with the fiber.

< I8y
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The proporaons and distribution of these two ingredients were visually estimated as the placement
progressed. The final proportions were calculated from actual fiber and aggregate weights placed
in the mold. Table B1 contains these weights and proportions.

The 1infiltration of the combination of aggregate and fiber bed showed no noticeable difference trom
that of the slab containing only the same fiber type. Table 5 shows that the needed vibration for
infiltration was the same a< that of the slab containing only the same fiber type.

Companng the ultimate strength values in Table 6 of the combination of aggregate and fiber with
that of only the fiber show little difference. Of the five different mixes, four strength results of the
combination were only slightly lower while one was even higher than that of the slab containing
only the same fiber type.

In conclusion, these few test resuits show some advantage of using concrete aggregate in

SIFCON. If the practical problems of preplacing the aggregate can be overcome, it appears that the
use of aggregate may introduce additional cost saving without significantly affecting the strength
properties.




4.0 SIFCON COST STUDY
I 4.1 INTRODUCTION

It has been demonstrated that the use of sands in SIFCON slurries is not a simple matter. A major
advantage of using sand in SIFCON in addition to strength enhancement would be significant cost
i savings. This section presents the cost savings possible with the use of sands and aggregate.

This study was performed using the mixes from the selected SIFCON study phase of the report.
The proportions of these mixes and their final ultimate strengths were determined in that phase of

i the study. These proportions and strengths were used to calculate the cost and strength compar-
isons. Unit costs were obtained from local or national materials suppliers. They reflect 1987
industry unit prices for orders of relatively small size.

4.2 MATERIAL COST

Table B2 contains the detailed cost information. Table 8 is a summary of Table B2. The
individual tables for each mix have two parts. The top portion presents the cost for the specific

i mix that was actuaily made. The bottom portion shows the costs for a caiculated mix omitting the
sand and aggregate but retaining the same mix proportions for the rest of the ingredients. Both
portions present the costs per cubic yard of each individual ingredient and a total summation of
these costs. The top portion of each table also presents the actual average ultimate strength results

i for each specific slurry and SIFCON. From the ultimate strength results and the total cost values a
strength and cost factor can be calculated. This strength/dollar factor gives a relative indication of
the cost efficiency of the different SIFCON fibers.

It is evident from the tables that the largest percentages of the costs are found in the cost of fibers
(68-87 percent). The remaining cost is made up by the slurry. For the majority of SIFCON
costs, the most flexibility lies in the percentage of fibers used. Obviously SIFCON with the higher
percentages of fibers was more cxpensive. For the fiber types tested, there was a tendency for
higher strengths with higher {iber percentages. The range of costs for these five SIFCON groups
was $846 for SIFCON with 11 percent of ZL 30/50 fibers to $487 for SIFCON with 6 percent
of ZL 60/80 fibers with aggregate interspersed. The strength/ dollar factor varied from mix to
mix. Within each mix, this factor was highest for ZL 50/50 fiber and the ZL 60/80 fiber with
aggregate interspersed.
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TABLE 8. SIFCON material costs summary.

Unit costs
Matenal Units Cost
Efticiency factor =
Cement $/1b 0.0530 (SIF - Slu)/Slu
Fly ash $/1b 0.0225 Fib
Sand $/lb 0.0100
Aggregate $/1b 0.0060 Where : SIF = SIFCON strength
Microsilica {EMS 960) $/1b 0.0800 Slu = Slurry strength
Superplasticizer $/gal 7.5000 Fib = Steel fiber percent
Fiber $/ib 0.4800 -

Material costs for selected SIFCON mixes

$-5M150-15-42-0

Material { Material costs, $/cu yd
Siurry 7030/50 | 2L50/50 ZL60/80 [AgQ. & ZL60/80
11% 6% 8.50% 6.06%
Total cost, $ 133.45 817.31 506.46 661.89 496.36 -
Strength, Ib/in? 11,209 25724 17.851 18,448 16,968 i
Strength/dollar, lo/in2 /$ 84 31 35 28 34 :
Efticiency factor 11.8 9.9 7.6 3.5

Same mix omitting the sand and aggregate

Total cost, $ 197.54 §74.35 566.71 720.53 720.53
Savings, % 32.44 68.52 10.63 8.14 31.11

S-5M100-10-37-0 F

Total cngt, $ 141.54 824.52 514.07 669.30 540.68
Strengin, b/in? 10,563 22.617 16,062 17,833 19,000
Sirength/dollar, ib/in? /% 75 27 31 27 35
Efticiency factor 10.4 8.7 8.1 12.1

Same mix omitting the sand and aggregate

Total cost, $ 193.13 370.43 562.57 716.50 716.50
Savings, % 26.71 5.27 8.62 6.59 24.54

31




TABLE 8. Concluded.

S:-5M150-37-10
Matenal Material costs, $/cu vd
Slurry 2L30/50 2L50/50 ZL60/80 |Agg. & Z2L60/80
. 0% 11% 6% 8.50% 6.06%
Total cost, $ 120.05 805.39 493.87 649.63 487.27
Strength, Ib/in? ) 7,220 19,033 13,076 14,070 12,783
Strengttvdollar, i5/in“ /$ 60 24 26 22 26
Efficiency factor 14.9 13.5 11.2 12.7
- Same mix omitting the sand and aggregate
Total cost, $ 176.56 855.69 546.99 701.34 701.34
Savings, % 32.01 5.38 9.71 7.37 30.52
[ ]
S-3M100-10-38-0
Total cost, $ 139.96 823.11 512.59 567.85 478.77
n Strength, 1bvin? , 10,112 21,661 16,193 16,451 15,301
Strangthvdollar, ib/in“ /$ 72 26 32 25 ' 32
Efticiency factor 10.4 10.0 7.4 I 9.0
Same mix omitting the sand and aggregate
. Total cost, $ 189.85 867.51 559.48 713.49 713.49
Savings. % 26.28 5.12 8.38 6.40 32.90
S$-5M50-15-35-10
»
Total cost, $ 2 165.44 845.79 £36.54 691.17 531.80
Strength, 1b/in 2 10,661 18,889 15,000 15,453 14,925
Strength/dollar, b/in“ /$ 64 22 28 22 28
Efficiency factor 7.0 6.8 5.3 6.4
®
Same mix omitting the sand and aggregate
Total cost, $ 193.94 871 .15 563.32 717.23 717.23
Savings, % 14.63 2.91 4.75 3.63 25.85
®
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Significant savings can be gained by the use of sands and aggregates. The tables compare the
detailed costs for the mixes with and without the use of sand and aggregate. The tables compare
the percent savings realized with the use of the sand and/or aggregate compared to the same mix
with the sand and aggregate omitted. The percent savings is calculated by submacting the total ccst
of the mixes containing the sand and/or aggregate from the cost of mixes without them and :hen
dividing by the cost of the mix without sand and/or aggregate. The savings are greatest when sand
and aggregate are both used. With a high percentage of sand and some aggregate, the savings are
31 percent. Even with a low percentage of sand and some aggregate, the savings are 26 percent.
Savings between 6-11 percent can be realized using only a high percentige of sand. Sand reduces
costs because it replaces more expensive slurry ingredients such as cement. The small quantity of
aggregate significantly reduces costs because it nct only replaces the more expensive slurry
ingredients but it also reduces the percentage of the very expensive {iber by approximately

2 percent. This reduction in fiber percent also accounts for the red'-ction in strength when
comparing the strengths of the fiber with the aggregate and the same fiber without aggregate.

In conclusion, these cost studies demonstrate: realistic matenal costs for high-saength SIFCON.

They show that the fibers are by far the most costly ingredient. They also show that sand and
aggregates in SIFCON significandy reduce the material costs.
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5.0 CONCLUSIONS AND RECOMMENDATIONS
5.1 MAJOR CONCL' SIONS

This preliminary program demonstrated that sands can be successfully added to SIFCON slurries
and that certain advantages can be gained from their use. It was also demonstrated that to ensure
successful use, caretul proportioning and quality conrrol is needed. Several conclusions can be
drawn from these results. Table 9 summarizes the specific conclusions of this program.

This study demonstrated that sands can be used successfully in SIFCON only under restricted
conditions. First, only fine-grain sands should be used. The sands that appear to be best suited
for SIFCON use are those sands with a maximum grain size passing the No. 30 sieve. Such sands
are commercialy available. In some applications, plaster or masonry sands could also be used, but
they should be considered marginal. It appears that the maximum quantty of sands practical to use
is between 150 to 200 percent with respect to the cement. Second, sand slurry fluidity is
extremely important. If the sand slurry is too fluid, sand particles tend to settle out of the mix. If
the slurry is too viscous, infiltration problems occur; therefore, there is a narrow band of fluidity
that is workable. This study shows that sand slurmies with flow measurements between 2510 40 s
are recommended. Third, characteristcs of the type of fiber to be used should be understood. The
denser the fiber bed, which is generally indicated by the fiber percent, the greater the resistance of
that bed to infiltration by sand slurries; therefore, vibraton of fiber beds during slurry infiltration
should be performed if denser fiber beds are used. For these fiber beds one should also design
sand slurries with a little more fluidity than for less dense fiber beds.

This study demonstrates definite advantages in using sands and even aggregates in SIFCON. The
main advantage involves significant cost savings. By adding mass to the matrix, the sand and/or
aggregates in a mix replace much mcre exrensive ingredients. The use of sands in slurries can
produce savings in the 5 to 11 percent range. This is significant when fibers contribute 68 to 87
percent of the cost of SIFCON. The addition of relatively small quantities of aggregate in the fiber
bed affords savings of 25 to 33 percent. This high cost savings results because the aggregate
replaces the more expensive slurry ingredients and the very expensive fibers. When the fiber
percent is reduced, lower strengths should be expected. Another advantage in the use of sands is
that there appears to be an enhancing rather than a lowering of the SIFCON strength properties. At
worst, sands do not significantly adversely affect the strength properties. Even the aggregate, that
lowers fiber density and therefore lowers strength, does not lower the strength of the SIFCON
below that SIFCON with the sime fiber percentage without aggregate.
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TABLE 9. Summary of conclusions.

Tests or observations Variables Effects, limits, or conclusions
as variables
increase or vary
intiltration study
Fluidity
Flow measurements W/C+FA Viscosity decreases
Sand, % Viscosity increases
Time Viscosity increases
Sand type Inconclusive
Viscosifier Viscosity increases
Open time Viscosity Open time decreases
Penetration tests W/C+FA Penetration % increases
Fiber density Penetration % decreases
Sand type Inconclusive
Settlement observations Fiber density Sand entrapment increases
Fiber density Infiltration difficulty increases
Viscosity Settlement decreases
Viscosity Infiltration difficulty increases
Sand, % Maximum between 150-200%
Siurry compression Sand, % Slight decrease or inconclusive
Sand type Inconclusive
Selected SIFCON study
Infiltration
Flow Recommend between 25-40 s
Vibration Recommend for ZL 30/50 fibers
Compression tests
Slurry cortaining sand Enha.ced strength
Aggregate and fiber
Infiltration Same as without aggregate
Compression tests Strength reduction ;
E
SIFCON cost study u
100-150 percent sand 5-11 percent savings q‘
36-57 percent aggregate 25-33 percent savings due
mainly to the fiber reduction

1.4
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5.2 RECOMMENDATIONS

This program was only a preliminary investigaticn. Therefore it is recommended that the con-
clusions obtained should nct only be verified but expanded. The work done involved a very small
data base. This should be enlarged with further testing. Only three fiber types and only four sand
types were considered in the program. These parameters could be expanded. The penetragon test
that was developed needs refinement for more reliability.

The use of aggregate in fiber beds was only touched on. The great potential for cost savings
would warrant much more work in the use of aggregate.

It appears that microsilica not only increases SIFCON strength but may have helped keep sand
particles in suspension. Verification of this would encourage the use of microsilica in SIFCON.

5.3 CONCLUSION

Another step has been taken in not only defining the nature of SIFCON but in making it a more
practical construction material. The conclusions of this report are perhaps the most encouraging *..

date concerning SIFCON potential.
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APPENDIX A
SAND SLURRY INFILTRATION STUDY

This appendix contains the mix designs (Table A1), flow measurements (Table AZ), and sand
distribution photographs (Figures Al through A84) for the sand slurry infiltration phase of this

program.




TABLE A1. Sand slurry Infiitration study mix designs.

Constants: Fly ash/cement: 30/70
Superplasticizer: 30 02/100 wt
Variables: Sand types: 50 mesh, 30 mash, fine blasting, washed piaster
Sand/cement: 0 to 200 percent
l Water/cement + fly ash: 0.30, 0.35, 0.40 :
Fiber types: ZL 30/50, ZL 50/50, ZL 60/80 1

Mix proportions: 3
Fluid mixes (W/C+FA = 0.40)

Mix Sarg. ]
I identification Sand type| Slurry, |Cement, Fly ash, | Water, | Supemlasticizer, | Sand, | cemeant, 3
code ib Ib b Ib cm? b_| %
S-5Mx-40-30 50 mesh 154.00 | 66.00 | 22.00 1950 i
S-5M0-40-3Q 20 (9.84) | (4.22) | (5.82) (125) 0.00 0
S-5M50-40-30 80 (39.35) | (16.87){(22.49) {499) 19.68 50
S-5M100-40-30 90 (44.27) | (18.97) | (25.30) (561) 44.27 100
S-5M150-40-30 60 (29.52) | (12.65){(16.87) (374) 44 .27 150
S-5M200-40-30 54 (26.56) | (11.38)|(15.18) (337) 53.13 200
S-3Mx-40-30 N 20 mesh | All ingredients except the sand, all parameters, weights,
Fine measures, and percentages are identical to mixes
| S-FBSx-40-30 blasting S-5Mx-40-30 above.
sand

Note :  Mix SG-3Mx-40-30 contains 4.4 |b (2%) bentonits also.
SG-3Mx-40-30 30 mesh

S-SPx-40-30 Washed 128.00| 54.86 | 73.14 1020
l plaster
S-SP0-40-30 sand 20 (9.84) | (4.22) | (5.62) (125) 0.00 0
S-SP50-40-30 80 |(39.35)| (16.87)[(22.49) (499) 19.68 50
S-SP100-40-30 30 (44.27) | (18.97)](25.30) (561) 44.27 100
S-SP150-40-30 60 (29.52) | (12.65)]1(16.87) (374) 44 .27 150
S-SM100-40-30 B | 50 mesh 17.00 7.28 9.92 215 16.80 100
$-3M100-40-30 B | 30 mesh All ingredients except the sand, all parameters, weights,
Fine measures, and percentages are identicai 10 mix
S-FBS100-40-30 Bj blasting S-5M100-40-30 B above.
sand
Washed
S-SP100-40-30 B | plaster
sand

Ncte :  All numbers in parentheses represent calculated values.
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TABLE A1.

Concluded.

Moderately viscous mixes (W/C+FA = 0.35)
Mix Sana/
identification Sand type| Slurry, [Cement. | Fiy ash, | Water, | Superpiasticizer,| Sana, | cement,
code b ib Ih b cme 1D %
$-3Mx-35-30 30 mesh 140.00! 60.00 | 70.00 HPnE
$-3M0-35-30 20 | (10.20)} (4.37) | (5.10) (129) 0.00 0
$-3M50-35-30 80 | (40.79)}(17.48)|(20.39) {517) 20 39 50
$-3M100-35-30 96 (45.89)] (19.67) {(22.94) (581 45.89 100
$-3M150-35-30 60 | (30.59)](13.11}](15.30; (388) 45.89 150
Fine All ingredients except the sand, ali parameters, weights,
S-FBSx-35-30 hlasting measures. and percentages are identical to mixes
sand S-3Mx-35-30 above.
S.5M100-35-30 B |50 mesh 18.00 7.71 9.2z 228 17.78 100
Fine All ingredients except the sand, all parameters, weights,
S.3M100-35-3C B | blasting measu/es, and percentages are identical to mix
sand S-5M100-35-30 B above.
Viscous mix (W/C+FA = 0.30)
Mix Sand/
identitication |Sand type| Slurry, |Cement,| Fiy ash, | water, | Superplasticizer,| Sand, | cement,
code Ib I b ib cm3 lo %
S-5Mx-30-30 50 mesh 140.00| 60.00 | 60.00 17758
$-5M0-30-30 20 (10.58)] (4.54) | (4.54) {134) 0.00 0
£-5M50-30-30 80 (39.35) | (1€.87) | (22.49) (499) 217 50
S-5M100-30-30 90 (44.27) ] (18.97) | (25.30) (561) 47.62 100
$-5M150-30-30 60 (29.52) | (12.65) ] (16.87) (374) 47.62 150
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TABLE A2. Flow measuremaents.

Fluid mixes (W/C+FA = 0.40)

Mix
icserttication | S-5Mx-40-30 S-3Mx-40-30 S-5M160- S-3M100-
ccde 40-30 B 40-30 B
Sand percantage Sand percentage Sang percantace
Time, | 0 ] 50]100]150{200] [Time.l 0 ] so]100]150[200} |Time. 100
min® | Flow measurement, s min | Flow measurement, s min Flow measuramant, s
6 i3 6 13 9 17 16
31 s 2t 41 30 |17 17
35 16 40 18 60 |18 18
38 16 46 18 90 |19 19
42 18 50 17 120 | 20 19
46 14 55 |18 150 | 21 19
61 38 64 49
65 22 7 31
67 17 73 18
70 15 80 15
72 13 82 |15 S-FBS100- S-8P100-
94 42 92 55 40-30 B 40-30 B
96 23 95 26 Sand percentage
99 16 98 14 Time, 100
102 15 102 17 min Flow measuremant, s
168 |4 1051186
123 44 122 27 9 ;16 15
125 24 127 20 30 |17 15
128 17 130 17 60 |18 15
130 20 133 |17 90 |20 16
132 |14 151 29 120120 17
152 46 155 21 150 | 20
154 24 158 17
156 17 161 117
158 15 183 31
160 |15 187 23
182 51 190 17
184 26 192 |17
186 18 213 31
188 15 217 23
i9C |15 220 18
212 53 223 |18
214 26 243 34
216 18 246 25
219 16 249 18
221 15 252 118
243 57
245 29
247 21
250 16
252 115
a Specific imes when test was taken with respect 10 the initial mix start time {T = 0).
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TABLE A2. Continued.
Mix
identification | S-FBSx-40-30 S-SPx-40-30 SG-3Mx-40-30
code
Sand percentage Band percentags Tand perceniace

Time, [ 0 [ 50]1c0]150[200] {Time| o {50 1:co]15c[200] |Timel 0 [50 [100[15012¢0
min Fiow measurament, s min Flow measurement, s min Flow maasurement, s
8 12 8 {12 8 14
31 33 31 26 33 49
33 20 35 17 35 12
35 15 38 15 38 20
36 14 41 |12 40 18
38 12 1 22 42 117
62 35 63 17 62 53
63 20 65 16 64 30
65 16 66 | 13 66 21
66 13 91 24 68 18
68 12 33 18 7 18
92 37 a6 16 96 68
94 21 g8 |14 98 36
96 i6 120 26 99 22
98 19 123 20 101 20
100 13 125 18 10319
125 41 128 | 15 122 69
127 22 151 27 123 asg
129 17 153 21 126 40
130 15 185 18 128 23
132 14 167 ] 16 130 21
155 46 181 29 151 79
i58 23 183 23 154 42
159 17 186 19 157 27
160 15 188 16 159 23
162 13 210 31 160 (22
181 50 213 24 182 43
182 25 215 1¢ 184 30
184 17 217117 185 25
185 18 242 34 187 |25
186 14 244 27 214 55
211 53 246 21 216 32
213 26 2491 18 217 28
214 13 220130
216 16 243 61
27 14 245 34
242 57 246 31
245 28 248 132
247 18
248 17
250 15
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TABLE A2,

Concluded.

Modarately viscous mixes (W/C+FA = 0.35)

Mix
identification | S-3Mx-35-30 S-FBSx-35-30 S-5M100- S-3M100-
code 35-30 35-30 8
Sand percentage Sand percentage Sand percentage
i Time, [ 0 |50]100[150[200} {Time,| 0 ] 50T100[150]200] [Time, 100
min Flow measurement, s min | Flow measurement, s min Flow measurement, s
8 ‘4 8 113 g |32 30
31 25 31 29 30 | 37 37
32 17 32 18 60 | 50 57
34 i6 34 15 90 | 97 167
l 36 14 36 | 14 120|149
62 26 61 30
63 19 64 18
64 15 65 15
66 15 66 | 14
91 29 91 33
94 22 23 20
96 16 95 17
9g 15 96 ! 14
121 33 120 35
123 24 121 20
125 18 123 1T
127 |17 124 | 18
I 151 35 152 45
153 25 154 21
155 18 155 18
187 |17 156 |15
181 38 182 44
183 27 184 23
l 185 18 1€6 19
187 18 187 | 16 Viscous mixes
211 40 211 47 (W/C+FA = 0.30)
213 28 213 22
216 20 214 20
218 |18 216 (18 Mix
240 44 241 54 identification | S-5Mx-30-30
242 29 243 24 code
244 20 245 21 Sand percentage
246 |19 247119 Time,|_Q 150]10011501200
min Flow measurement, s
8 54
36 no
39 95
43 34
49 | no
44
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Figure A2. 50-mesh sand (50%) in fluid mix -- ZL 50/50 fibers.
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Figure A3. 50-mesh sand (50%) in fluid mix -- ZL 60/80 fibers.
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L Figure A6. 50-mesh sand (100%) in fluid mix -- ZL 60/80 fibers.
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Figure A7. 50-mesh sand (150%) in fluid mix -- ZL 30/50 fibers.
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Figure A8. 50-mesh sand (150%) in fluid mix -- ZL 50/50 fibers.
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Figure A9. 50-mesh sand (150%) in fiuid mix -- ZL 60/80 ubers,
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Figure A10. 50-mesh sand (200%) in fluid mix -- ZL 30/50 fibers, rauch vibration.
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Figure A11. 50-mesh sand (200%) in fluid mix -- ZL 50/50 fibers.
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Figure A12. 50-mesh sand (200%) in fluid mix -- ZL 60/80 fibers.
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Figure A13. 50-mesh sand (50%) in viscous mix -- ZL 30/50 fibers, much vibration. i
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Figure A14. 50-mesh sand (50%) in viscous mix -- ZL 50/50 fibers.
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Figure A17. 50-mesh sand (100%) in viscous mix -- ZL 50/50 fibers,
moderate vibration.
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Figure A1B8. 50-mesh sand (100%) in viscous mix -- ZL €0/80 fibers,
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Figure A19. 50-mesh sand (150%) in viscous mix -- ZL 30/50 fibers, much vibration.
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» Figure A20. 50-mesh sand (150%}) in viscous mix -- ZL 50/50 fibers,
moderate vibration.
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' Figure A22. 30-mesh sand (50%) in fluid mix -- ZL 30/50 fibers.
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Figure A23. 30-mesh sand (50%) in fluid mix -- ZL 50/50 fibers.




—Very few air bubdles

___———Very little sand

entrapment

Sand
settlement

ZL 60/80 fibers.

Figure A24. 30-mesh sand (50%) in fluid mix --

68




IR T TRt T T TR ORI GYETE Y Te T A TRA R TR TR ar TR aE TR T e T IR AT TR yR R T mm s s oRs R o meEee A orm e oY e I s R - e e et o v b vy =

Some voids

Slurry flowed down
sides slightly

_—— Very tew air bubbles

e

—— Sand entrapment

3 »

|
Sand

settiement

s A ¢ .
;Y ERETR LA S . r

1% S-3M100-40-30 |
% ZL 30/50 L,

R o P

Figure A25. 30-mesh sand (100%) in fiuid mix -- ZL 30/50 fibers. &’
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Figure A26. 30-mesh sand (100%) in {luid mix -- ZL 50/50 fibers.
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Figure A28. 30-mesh sand (150%) in fluid mix -- ZL 3C/50 fibers, much vibration.
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Figure A29. 3n-mesh sand (150%) in fiuid mix -- ZL 50/50 fibers.

73




Little sand
: entrapment
F
Few air
1 bubbles
i
Sand i
settlement !
!
: .f-‘A s . N . |
" y ‘1/.:"' ;,.I.v f PRI
3M150-40-30

ZL 60/80 R |

Figure A30. 30-mesh sand (150%) in fluid mix -- ZL 60/80 fibers.
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Figure A31. 30-mesh sand (200%) in fluid mix -- ZL 30/50 fibers, much vibration. i
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Figure A32. 30-mesh sand (200%) in fluid mix -- ZL 50/50 fibers, moderate vibration.
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Figure A33. 30-mesh sand (200%) in fluid mix -- ZL 60/80 fibers, modarate vibration.
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Figure A35. 30-mesh sand (50%) in fluid mix -- ZL 50/50 fibers, viscosifier.
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Figure A37. 30-mesh sand (100%) in fluid mix -- ZL 30/50 fibers, viscosifier,
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Figure A38. 30-mesh sand (100%) in fluid mix -- ZL 50/50 fibers, viscosifier.
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Figure A42. 30-mesh sand (150%) in fluid mix -- ZL 60/80 fibers, viscosifier.




& —— Ssand clogging
of fibers

No infiltration

-

T s
. LT :%“j_,w ..'_'

Slurry‘with very

. A y . — & ',‘ } , .
’A.W;\\',‘,(:"_':v ;."‘ Y 2t .‘\;,:"l X 'i-"p"”.‘.‘ llt"e sand
- SG-3M200-40-30 KR k@ | ——
ZL 30/50 A Sand sittlement

Figure A43. 30-mesh sand (200%) in fluid mix -- ZL 30/50 ficers, viscosifier,
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Figure A46. 30-mesh sand (50%) in moderately viscous mix -- ZL 30/50 fibers.
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Figure A47. 30-mesh sand (50%) in moderalely viscous mix -- ZL 50/50 tibers.
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Figure A48. 30-mesh sand (50%) in moderately viscous mix -- ZL 60/80 fibers.
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Figure A49. 30-mesh sand (100%) in moderately viscous mix --
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Figure A51. 30-mesh sand (100%) in moderately viscous mix -- ZL 60/80 fibers.
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Figure A5G8. Fine blasting sand (100%) in fluid mix -- ZL 30/50 fibers.
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Figure A59. Fine blasting sand (100%) in fluid mix -- ZL 50/50 fibers
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Figure A60. Fine blasting sand (160%) in fluid mix -- ZL 60/80 fibers.
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Figure A61. Fine blasting sand {150%) in fluid mix -- ZL 30/50 fibers, much vibration.
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Figure A62. Fine blasting sand (150%) in fluid mix -- ZL 50/50 fibers.
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Figure A63. Fine blasting sand (150%) in fluid mix -- ZL 60/80 fibers.
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Figure A64. Fine blasting sand (200%) in fluid mix -- ZL 30/50 fibers, much vibration.
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Figure AB5. Fine blasting sand (200%) in fluid mix -- ZL. 50/50 fibers.
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IO, = T Y = T AT T - T T - g § iy e o~y g e e - gt T T TE T Vi " - T T L3

0 IS .
Q@ O w
2 - ) 0
2 o & = =
D Qo @ o
= o E n vel
(4] w Q .n/v
o ©

< =2 w0
(0] =T |
w o N
»
x
E
wn
/ S
o
o
R
>
>
N
()
ko)
c

E ~

c -
&

o
»
[ ]
uw
© 3
oo
W0
w_,
QN
TH
(%))

Figure A68. Fine blasting sand (50




Few air bubbles

Slight shrinkage
cracking

Sand
settlement

S-FBS50-35-30
ZL 60/80

Figure A69. Fine blasting sand (50%) in moderately viscous mix -- ZL 60/80 fibers.
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Figure A70. Fine blasting sand (100%) in moderately viscous mix -- ZL 30/50 fibers.
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h Figure A71. Fine blastirg sand (100%) in moderately viscous mix - ZL 50/50 fibers. d
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=igure A72. Fine blasting sand (100%) in moderately viscous mix -- ZL 60/80 fibers.
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Figure A73. Fine blasting sand (150%j) in moderately viscous mix -- ZL 30/50 fibers, .

moderate vibration.
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Figure A74. Fine blasting sand (150%) in moderately viscous mix -- ZL 50/50 fibers.
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| Figure A76. Washed plaster sand (50%) in fluid mix -- ZL 30/50 fibers.
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Figure A77. Washed plaster sand {50%) in fluid mix -- ZL 50/50 fibers.
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Figure A78. Washed plaster sand (50%) in fluid mix -- ZL 60/80 fibers.
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Figure AB2. Washed plaster sand (150%) in fluid mix -- ZL 30/50 fibers,
much vibration.
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Figure AB3. Washed plaster sand (150%) in fiuid mix -- ZL 50/50 fibers,
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128




ki ol 2l LS i A i e e e i e i ek e = hASan o - — - - - aepennu—

APPENDIX B
SELECTED SIFCON STUDY

This appendix contains the mix designs (Table B1), compression test stress versus strain plots
(Figures B1 through B20), and the results of a SIFCON matenal costs study (Table B2) for the
selected SIFCON phase of this program.




TABLE B1. Selected SIFCON study mix designs.

I Constants: Fiber types: Dramix ZL 30/50, 2L 50/50, ZL 60/89
Variables: Sand/cement: 50 to 150 percent
Watsr/cement + fly ash: 0.35 10 4233
l Mix weights and measures
tix T
identification Cement, | Fly ash, Water, |MicrositicalSuperplasticizer| Sand, Aggregate| Fiber,
code I Ib Ib Ib em? Ib Ib b
S-5M150-15-42-01 127.00 53.76 19.00 1900 190.50] 9.00
I Agqgr. & ZL 60/80 | (23.79) (10.07) (3.56) (356) (35.68)] 13.64 19.34
$-5M100-10-37-9 153.00 $6.15 15.30 1740 153.00 0.00
Aggr. & ZL 60/80 | (29.91) (10.98) (2.99) (340) (29.91)| 1075 20.84
S$-5M150-37-10 130.00 14.44 53.63 1710 195.01] 0.00
» Aggr. & ZL 60/80A (23.02) (2.56) (9.50) (303) (34.53)] 12.28 18.25
S$-3M100-10-38- 153.00 58.08 15.30 1740 163.00] C€.C)
Aggr. & ZL 60:80 | (29.38) (11.15) (2.94) (334) (29.38)] 12.66 17.98
j .
3 5M50-15-35-10] 164.00 18.22 63.78 24.60 22350 82 00 0.00
I Aggr. & ZL 60/80 | (30.37) (3.37) {11.81) | (4.56) (414) (15.18)] 13.61 18.87
Note : Numbers in parentheses are caiculated values.
aAII mixes contain 50-mesh sand except §-3M100-10-83-0 which contains 30-mesh.
bAll mixes that contain microsilica contain EMS 960 except for this which contains Force 10,0C0.
Mix proportions
Mix Cement | Fly ash Water |MicrosilicajSuperplasticizer] Sand [Aggregate] Fiber,
identification [{(C/C+FA),[\FA/C+FA)[(W/C+FA)| (M/C), 0z/100wt (8/C), (AVC), | %by vol.
code % % % %% %
o
S-5M150-15.42-0 100 0 0.4233 14.96 44,01 150 0.00 |i1,85.6
Aggr. & ZL 60/80 100 o 0.4233 14.96 44 .01 150 57.34 6.06
S$-5M100-10-37-C 100 0 0.3670 10.00 34.96 100 0.00 11,85,6
Aggr. & ZL 60/80 100 0 0.3670 10.00 34 .96 100 35.94 5.62
. S$-5M150-37-10 90 10 0.3713 0.00 40.04 150 0.00 ({11.85,6
Aggr. & ZL 6080 90 10 0.3713 0.00 40.04 150 53.35 6.08
S-3M100-10-38.-0 100 0 0.3796 10.00 34 .96 10C 0.00 (11,85, 6
Aggr. & ZL 60/80 100 v 0.3796 10.00 34.96 100 43.77 5.68
™ S-5M50-15-35-10 90 10 0.3500 15.00 36.55 50 0.0 [11,85,6
Aggr. & ZL 60.80 g0 10 0.3500 15.00 36.55 50 44 81 6.23




TABLE B2. SIFCON materlatl costs.

Unit costs
Matenal ' Units Cost
Efticiency factor =
Cement $/1b 0.0530 _(SIF - Slu)/Slu
Fly ash $/1b 0.0225 Fib
Sand $/lb 0.0100
Aggregate $1b 0.0060 Where :  SIF = SIFCON strength
Micrositica (EMS 960) $/b 0.08%0 Siu = Slurry strength
Superplasticizer $.gal 7.5000 Fib = Steel fiber percent
Fiber $/1b l 0.4800

Materlz! costs for selected SIFCCN mixes

S$-5M150-15-42-0

Matenal Material costs. $/cu yd
Slurry ZL30/50 2L50/50 Z2L60/80 |Agg. & 2L60/80

11% 6% 8.50% 6.06%
Cement 64.52 57.43 60.65 52.04 52.28
Sand 18.26 16.25 1717 16.71 14.80
Aggregate 3.3¢9
Microsiica (EMS 960) 14.57 12.97 13.70 13.33 11.81
Superplasticizer 36.09 32.12 33.93 33.02 29.24
Fiber 698.54 381.02 539.78 384.83
Total cost, $ 133.45 817.31 506.46 661.89 496.36
Strength, lb/in? ) 11,209 25,724 17,851 18,448 16,968
Strengttvdollar, tb/in“/$ 84 31 35 28 34
Eficiency factor 11.8 9.9 7.6 8.5

Same mix omitting the sand and aggregate

Cement 110.66 98.48 104.02 101.25 101.25
Microsilica (EMS 960) 24.99 22.24 23.49 22 .86 22.86
Superplasticizer 61.89 55.09 58.18 56.63 56.63
Fiber 0.00 698.54 381.02 539.78 539.78
Total cost, $ 197.54 874.35 566.71 720.53 720.53
Savings, % 32.44 6.52 10.63 8.14 31.11
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TABLE B2.

Continued.

$-5M100-10-37-0

Material Material costs. $/cu yd |
Slurry Z2L30/50 2150/50 2L60/80 |Agg. & 2L60/80
0% 11% 6% 8.50% 6.06%
Cement 80.21 71.38 75.39 73.39 66.62
Sand 15.13 13.47 14.23 13.85 12.57
Aggregate 2.71
Microsilica (EMS 960) 12.11 10.77 11.38 11.08 10.06
Superplasticizer 34.10 30.35 32.05 31.20 28.32
Fiber 698.54 381.02 539.78 420.40
Total cost, $ 141.54 824.52 514.07 669.30 540.68
Strength, lb/in 2 10.563 22,617 16,062 17,8335 13,000
Strengthvdoliar, 1b/in“/$ 75 27 31 27 35
Efficiency factor 10.4 8.7 8.1 12.1 i
Same mix omitting the sand and aggregate
Cement 122.54 109.06 115.19 11292 112.12
Microsilica (EMS 960) 18.50 1€.46 17.39 16.92 16.92
Superplasticizer 52.10 46.37 48.97 47.67 47.67
Fiber 0.00 698.54 381.02 539.78 539.78
Total cost, $ 193.13 870.43 562.57 716.50 716.50
Savings, % 26.71 5.27 8.62 6.59 24.54
S-5M150-37-10
Cement 65.89 58.64 61.93 60.29 53.74
Fly ash 3.1 2.77 292 2.84 2.54
Sand 18.65 16.60 17.53 17.06 15.21
Aggregate 3.25
Superplasticizer 32.41 28.84 30.46 29.65 26.43
Fiber 698.54 381.02 539.78 386.10
Total cost, $ » 120.05 805.39 493.87 649.63 487.27
Strength, Ib/in 2 7,220 19,033 13.076 14,070 12.783
Strength/dollar, tb/in“/$ 60 24 26 22 26
Efficiency factor 14.9 13.5 11.2 12.7
Same mix omitting the sand and aggregate
Cement 114.73 102.11 107.84 104.97 104.97
Fly ash 5.41 4.82 5.09 495 4.95
Superplasticizer 56.43 50.22 53.04 51.62 51.63
Fiber 0.00 698.54 381.02 539.78 539.78
Total cost, $ 176.56 855.69 546.99 701.34 701.34
Savings, % 32.01 5.88 9.71 7.37 3052




TABLE B2.

Concluded.

S-3M100-10-38-0

Material Material costs, $/cu yd
Slurry Z2L30/50 Z21.50/50 Z21.60/80 |AQqg. & ZL60/80
0% 11% 6% 8.50% 6.06%
Cement 79.31 70.58 74.55 72.57 65.07
Sand 14.96 13.32 14.07 13.69 12.28
Aggregate 3.22
Microsilica (EMS 960) 11.97 10.65 11.25 10.95 9.82
Superplasticizer 33.72 30 01 31.69 30.85 27.67
Fiber 698.54 381.02 539.78 360.70
Total cost, $ 139.96 823.11 512.59 667.85 478.77
Strength, 1b/in 10,112 21,661 16,193 16,451 15,301
Strengthvdoliar, Ibrin%/$ 72 26 32 25 32
Efticiency factor 10.4 10.0 7.4 3.0
Same mix omitting the sand and aggregate
Cement 120.46 107.21 113.23 110.22 110.22
Microsilica (EMS 960) 18.18 16.18 17.09 16.64 16.64
Superplasticizer 51.21 45.58 48.14 46.86 46 .86
Fiber 0.00 698.54 381.02 539.78 539.78
Total cost, $ 189.85 867.51 559.48 713.49 713.48
Savings, % 265.28 512 | 838 6.40 32.90
S-5M50-15-2-10
Cement 88.12 78.43 82.83 80.63 70.62
Fly ash 4.16 1.70 3.91 3.80 3.33
Sand 8.31 7.40 7.81 7.61 6.66
Aggregate 3.58
Microsilica (F 10,000) 19.95 17.76 18.75 18.26 15.99
Superplasticizer 44 .90 39.96 42.21 41.09 35.99
Fiber 698.54 381.02 539.78 395.63
Total cost, $ 165.44 845.79 536.54 691.17 531.80
Strength, Ib/in 2 2 10,661 18,889 15,000 15,453 14,925
Strengttvdoliar, It/in“/$ 64 22 28 22 28
Efficiency factor 7.0 6.8 5.3 6.4
Same mix omitting the sand and aggregate
Cement 108.76 66.80 102.23 99.51 99.51
Fly ash 513 457 482 4.69 4.69
Microsilica (F 10,000) 24 .62 21.92 23.15 22.53 22.53
Superplasticizer 55 .42 49.32 52.10 50.71 50.71
Fiber 0.00 698.54 381.02 539.78 539.78
Totat cost, $ 193.94 871.15 563.32 717.23 717 23
Savings,. % 14.69 2.91 4.75 3.63 25.85
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APPENDIX C
PROCEDURES CHECKLIST

ORI T g un_‘.-l TORAN

This appendix contains a copy of the two-sided procedures checklist used by the laboratory

technicians in preparing the major slurry mixes in the slurry infiloration phase of this program.

TET .  WOT )

TR
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I

I1.

II1.

SIFCON SAND MIXES

Identification

Sand type

Mix date

Preparation

1. Dry out 200 1bs. of sand.
2. Weigh out the sand and absorption water noted in the "sand” boxes (over).

Notes: a. Sand must be bone cry at weighing.
b. Absorption water can be added to sand only if buckets are sealed.

Weigh the ingredients noted in the "slurry batch” box (over).

Fill large cyiinder molds with the fiber noted in the "cyl." boxes (over).
Mark cube molds 1 thru 5 (3 cubes each).

Store all ingredients, molds, etc. in wet room (70 deg).

Be ready to make a batch of slurry using the program proce~nres.

N aw

Mix Day
A.  Run slumry mix using program procedures.

B.  Bucket mixes
1. Weigh out the amounts noted in the "bucket” boxes {over).
2. Mix the sand and absorption water with the appropriate slurry.
(Make sure each sand/slurry mix remains identified.)

C.  Samples and Tests

1. Mold 3 cubes for each of the 5 mixes.

2. Mold ine 3 STFCON cylinders for each of the 4 sand mixes.

3. Place all samples in the wet room.

4. At T = 30 minutes oegin taking flow/temperature measurements for each of the
5 mixes beginning with buckets #5 thru #1.

5. Atthe following times take flow/temperature measurements for each mix in the
same sequence: T =60, 90, 120, 150, 180 min.

D.  Filtering Tests
1. Weigh out between 20-30 1bs of slurry from mix #3
2. Turn over slurry to EMCS

Testny
1. Strip molds the day after mix day.
2. Cut the SIFCON cylinders in half length wise.
3. Test the cubes ror compressive strength at 30 days.
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